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Abstract of JP2001015863 

PROBLEM TO BE SOLVED: To improve 
characteristics of a semiconductor laser device 
having a distortion in the active layer and 
improve a long term reliability. SOLUTION: An 
N-type GaAs buffer layer 12, an N-type 
AI0.4Ga0.6As clad layer 13, an 
AI0.4Ga0.6As&rarrAI0.05Ga0.95As0.74P0.26 
(undoped) composition and strain gradient 
barrier layer 14, an InGaAs (undoped) active 
layer 15, an AI0.05 Ga0.95As0.74P0.26&rarr 
AI0.4Ga0.6As (undoped) composition and 
strain gradient barrier layer 16, a P-type 
AI0.4Ga0.6As clad layer 17, a P-type 
ln0.484Ga0.516P etching stop layer 18, a P- 
type AI0.4Ga0.6As clad layer 19, and a P-type 
GaAs contact layer are successively laminated 
on an N-type GaAs substrate 1 1 . In this case, 
the barrier layers 14 and 16 are gradually 
increased in energy gap starting from the clad 
layers 13 and 17 toward the active layer 15 
and also the lattice constant is gradually varied 
from the clad layers 13 and 17 toward the 
active layer 1 5. 
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CLAIMS 



[Claim(s)] 

[Claim 1]An active layer which consists of distortion quantum wells on a substrate. 
Two barrier layers which sandwich this active layer. 
Two cladding layers which sandwich this barrier layer. 

Are the semiconductor laser device provided with the above, and a refractive index of said 
barrier layer An interface of this barrier layer and said cladding layer, Or it is becoming large 
gradually toward said active layer out of this barrier layer, and a grating constant of said barrier 
layer is changing from the inside of an interface of this barrier layer and said cladding layer, or 
this barrier layer gradually toward said active layer. 

[Claim 2]The semiconductor laser device according to claim 1, wherein said active layer is 
multiple quantum well structure. 

[Claim 3]The semiconductor laser device according to claim 1 or 2 with which an oscillation 
wavelength is characterized by not less than 870-nm being 1100 nm or less. 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention has distortion in an active layer about a 
semiconductor laser device, and relates to the semiconductor laser device of GRIN-SCH 
structure with which the refractive index of the barrier layer is becoming large gradually toward 
the active layer. 
[0002] 

[Description of the Prior Art]In recent years, of the semiconductor laser device, high quality and 
advanced features come to be required and the formation of low threshold current of a laser 
device, efficient-ization, etc. came to be required. Then, efficiently, convey a career to an active 
layer and the formation of low threshold current, and in order to form low driving current, The 
GRIN-SCH (Graded-Index-Separate-Confinement-Heterostructure) structure the refractive 
index of the barrier layer which sandwiches an active layer was made to become high stair-like 
toward an active layer came to be taken. 

[0003]In Appl.Phys.lett. of the 1982 issue about the semiconductor laser element of this GRIN- 
SCH structure, vol.40, and p21 7— 21 9, W. Are based on Tsang. "Extremely low threshold (AIGaAs) 
As graded-index waveguide separate-confinement heterostructurelasers by molecular beam It is 
indicated to epitaxy." This structure is an especially suitable structure, when using quantum well 
structure for the active layer for performing eye career ****** which is a requisite of a 
semiconductor laser element, and optical confinement. The effect of it controlling the hetero 
spike produced in a cladding layer and a barrier layer interface as compared with the usual SCH 
(Separate-Confinement-Heterostructure) structure, and reducing element resistance, It is 
because it is effective in an electric field being formed in a barrier layer and the carrier injection 
efficiency to an active layer improving. 

[0004]However, in this structure, there was a fault in which an active layer and a substrate have 
the same grating constant, and other presentation inclination barrier layers and cladding layers 
also have the almost same grating constant as a substrate that the width of selection of the 
presentation which is constituted by the so-called crystal of a lattice matching system, and 
constitutes an active layer was narrow. 

[0005]When distortion is given to the active layer of a semiconductor laser element on the other 
hand when the grating constant of an active layer differs from the grating constant of a 
substrate that is, In Appl.Phys.Lett.Vol29 of the 1976 issue, No.12, and p807 that the 
characteristics, such as oscillation threshold current of a semiconductor laser element, are 
improved, C.J. It is indicated to "C.W.room^temperature InGaAs/InGaP 1.06nm lasers" by Nuese, 
G.H.OIsen, M.Ettenberg, J.J.Gannon, and T.J.Zamerowski and others. 

[0006]. Quantum-well-ize the active layer of a semiconductor laser element, and consider only 
the grating constant of an active layer as different composition from other layers constituted 
further. In Appl.Phys.l_ett.vol44 of the 1984 issue of the so-called laser of distortion quantum 
well structure, No.7, and p.653, D. Laidig, P.J.Casldwell, Y.F.Lin, and and C.K — it is indicated to 
"Straind-layer quantum-well injection laser" by Peng and others. 

[0007]Also about the distortion quantum well semiconductor laser element using the GRIN-SCH 



structure described previously. In Appl.Phys.Lett.Vol49 of the 1986 issue, No24, and p. 1659, D. 
Are based on Fekete, KT.Chan, J.M.Ballantyne, and LF.Eastman and others. "Graded-index 
separate-confinement InGaAs/GaAs strained-layer quantum well laser grown by metalorganic 
chemical vaper It is reported to deposition." 

[0008]Until now, in distortion amount child well laser, when distortion of an active layer was large 
and suitable thickness became more than critical thickness, there was a problem that a 
rearrangement occurred and aggravation of the characteristic arose during a crystal. Then, the 
thing for which distortion and direction of an active layer use a reverse crystal for the barrier 
layer of the both sides of a quantum well layer when putting a large distortion into an active 
layer, In Journal of Appl.Phys. of the 1989 issue, Vol65, No12, and p.4789, . Are based on Allen 
Vawter and D.R.Myers and others. It is indicated to "Useful design relationships for engineering 
of thermodynamically stable strained-layer structure." Here, from introducing a distortion 
contrary to an active layer, since the selection range of mix crystal material can be extended, it 
is reported that the oscillation wavelength region was able to be made to expand and that the 
improvement of the further characteristic was made. Henceforth, the above active layers are 
called the distortion compensation type active layer. 
[0009] 

[Problem(s) to be Solved by the Invention]As mentioned above, in the quantum well laser which 
has distortion in an active layer, when it was an active layer with a dramatically large distortion, 
since suitable quantum well width was close to critical thickness, by the usual crystal growth 
method, good crystal quality was not acquired but there was a problem that the semiconductor 
laser characteristic fell. 

[0010]Distortion of an active layer is small, when a crystal growth top does not produce a 
problem at all, the selection range of mix crystal material is extended and to have the structure 
which can expand the oscillation wavelength range is desired. 

[0011]Therefore, in distortion quantum well laser, it is required to have the element structure 
which maintains the further good characteristic. 

[0012]In light of the above-mentioned circumstances, in distortion quantum well laser, this 
invention improves the characteristic and an object of this invention is to provide a 
semiconductor laser device with high long term reliability. 
[0013] 

[Means for Solving the Problem]In a semiconductor laser device with which a semiconductor 
laser device of this invention was provided with an active layer which consists of distortion 
quantum wells, two barrier layers which sandwich this active layer, and two cladding layers which 
sandwich this barrier layer on a substrate, A refractive index of said barrier layer is becoming 
large gradually toward an active layer out of an interface of this barrier layer and a cladding 
layer, or this barrier layer, And a grating constant of a barrier layer is changing from the inside of 
an interface of a barrier layer and a cladding layer, or this barrier layer gradually toward an active 
layer. 

[0014]An active layer may be multiple quantum well structure. 

[001 5]It is more effective that an oscillation wavelength applies this invention by the above- 
mentioned composition to not less than 870-nm the semiconductor laser device which is 1100 
nm or less. 
[0016] 

[Effect of the Invention]In the semiconductor laser device which was provided with the active 
layer which consists of distortion quantum wells, two barrier layers which sandwich this active 
layer, and two cladding layers which sandwich this barrier layer on the substrate according to the 
semiconductor laser device of this invention, The refractive index of a barrier layer is gradually 
enlarged toward an active layer from the inside of the interface of a barrier layer and a cladding 
layer, or a barrier layer, And by changing the grating constant of a barrier layer from the inside of 
the interface of a barrier layer and a cladding layer, or a barrier layer gradually toward an active 
layer, Since the element resistance reduction effect which makes small change of the band 
offset in a barrier layer, and GRIN-SCH structure has, and efficient-ization of career pouring can 
be pulled out to the maximum extent, Element resistance can be reduced and the 



characteristics, such as reduction of the threshold current of an element, reduction in driving 
current, and efhcient-izing, can be improved. Therefore, a stable output can be obtained and long 
term reliability can be raised. 

[0017]Since this invention can draw out especially the element resistance reduction effect which 
GRIN-SCH structure has, and efficient-ization of career pouring to the maximum extent when 
distortion of an active layer is small and the effect of the characteristic improvement by 
distortion is small, an improvement of the above characteristics is possible. 
[001 8]A big distortion can be given to an active layer, without being influenced by the thickness 
of a barrier layer by making a refractive index and a grating constant incline toward an active 
layer from the middle of a barrier layer, when the thickness of a barrier layer is close to critical 
thickness. 

[0019]Threshold current can be further reduced by making the above-mentioned active layer 
into multiple quantum well structure. 

[0020]In order that an oscillation wavelength may determine an oscillation wavelength like an 870 
to 1 1 00-nm semiconductor laser device, when the presentation of an active layer is not 
restricted or the good characteristic is not obtained, it is more effective to apply this invention 
by the above-mentioned composition. 
[0021] 

[Embodiment of the Invention]A drawing is used for below and an embodiment of the invention is 
described to it in detail. 

[O022] Drawing 1 shows the sectional view of the laminating direction of the semiconductor laser 
element of the oscillation wavelength 1060 nm band by a 1st embodiment of this invention. 
[0023]The active layer of the semiconductor laser element by this embodiment is InGaAs, and its 
lattice constant difference with a substrate is large, and it has the structure where big 
compressive strain are added to an active layer. 

[0024]As shown in drawing 1 . the semiconductor laser element by this embodiment, On the n 
type GaAs substrate (the carrier concentration 7 - 20x10 17 cm~ 3 ) 11, an organic-metal-vapor- 
growth (MOCVD) method, By or a molecular beam epitaxy (MBE) method. N type GaAs about 
200-600 nm thick. (The carrier concentration 7 - 20x10 17 cm~ 3 ) The buffer layer 12, 2- 
micrometer-thick n type aluminum 04 Ga 06 As. (The carrier concentration 5 - 15x10 17 cm -3 ) An 
aluminum 0 4 Ga 0 6 As->aluminumQ 05 Ga og5 As 074 P 026 (non dope) presentation (the cladding layer 
13 and 100 nm in thickness). And an aluminum 005 Ga 095 As 074 P 026 ->aluminum 04 Ga 06 As (non 
dope) presentation (the distortion inclination barrier layer 14, the 5-nm-thick In 0 35^ a 0 65^ s ^ non 
dope) active layer 15, and 100 nm in thickness). And the distortion inclination barrier layer 16, 
the 400-nm-thick p type aluminum 04 Ga 06 As (carrier concentration 5 - 20x10 17 cm~ 3 ) cladding 

layer 17, The p type I n 0 484^ a 0 5l6^ ( carr ' er concentration 5-15x10 17 cm~ 3 ) etching stop layer 
18 about 4-10 nm thick, 1.6-micrometer-thick p type aluminum 04 Ga 06 As. (The carrier 
concentration 5 - 20x10 cm ) The cladding layer 19 and a p type GaAs (carrier concentration 

1 ft O. 

5 - 30x10 cm ) contact layer about 150-500 nm thick consist of a crystal laminated one by 
one. 

[0025]The energy gap of the crystal which did in this way and was laminated by drawing 2 is 
shown. As shown in drawing 2 , the active layer 15 has compressive strain to the substrate. The 
energy gap (Eg) is small toward a cladding layer to the active layer, and such a structure is the 
structure called what is called GRIN-SCH (Graded-Index-Separate-Confinement- 
Heterostructure). 

[0026]The grating constant to GaAs of the laminated crystal is shown in drawing 3 . The 
structure of a laminating direction is shown on the vertical axis of drawing 3 . and the grating 
constant to GaAs of this crystal layer is shown on the horizontal axis. As shown in drawing 3 . 
the structure of the semiconductor laser element in this embodiment differing from the 
conventional GRIN-SCH structure is having made it the grating constant of the barrier layer 14 



shown by drawing 1 become small gradually toward the interface of the cladding layer 13 and the 
barrier layer 1 4 to the active layer 1 5. The same may be said of another barrier layer 1 6. The 
distortion of two barrier layers has a hauling distortion contrary to distortion of an active layer. 
[0027]Thus, it is compensated by the barrier layer which the compressive strain of an active 
layer pulls and has distortion by giving a distortion contrary to distortion of an active layer to a 
barrier layer. By making distortion of a barrier layer incline, change of the band offset in a barrier 
layer can be made small, and the element resistance reduction effect which GRIN-SCH 
structure has, and efficient-ization of career pouring can be utilized for the maximum. 
[0028]Next, ridge structure is stated to an example about the process of element-izing of the 
crystal mentioned above. In the sample after crystal growth, the resist pattern for ridge etching 
processings is created according to the usual photo lithography process, for example, etching 
removal of a p type GaAs contact layer and the p type AIGaAs clad layer is carried out with a 
tartaric acid system etching reagent. Since etching stop layer p type InGaP has the dramatically 
slow etch rate to a tartaric acid system etching reagent as compared with a p type GaAs 
contact layer and a p type AIGaAs clad layer at this time, ridge shape is easily acquired by 
etching by suitable etching time. Then, a resist pattern is removed and about 100-200 nm of 
dielectric films, such as Si0 2 and Si 3 N 4 , are deposited on it. 

[0029]Next, in order to open the window for electrode contact in a ridge apex part, resist is 
patterned according to the photolithography process described previously, and etching removal 
of the dielectric film of a ridge apex part is carried out by methods, such as active ion etching 
using fluorine system gas. Then, for example, it vapor-deposits with electron beam evaporation 
method etc. in order of Ti/Pt/Au (each thickness is 50 nm/80 nm/300 nm, for example), and p 
lateral electrode is formed. Next, in order to make creation of a resonator easy by cleavage, the 
thickness of a sample is ground to about 120-150 micrometers, and thickness is deposited for n 
lateral electrode at 50 nm, 30 nm, and about 300 nm in order of AuGe/nickel/Au, combining 
electron beam evaporation method and resistance heating vacuum deposition. Then, in order to 
acquire ohmic contact of an electrode, 400 ** of electrodes are made to react about 1 minute. 
[0030]Next, it is a position, and cleavage is carried out to bar shape at intervals of a 
predetermined interval, for example, 750 micrometers, and coating by a dielectric film is carried 
out as follows to each end face by which cleavage was carried out. Here, the figure of one 
semiconductor laser element which carries out cleavage of the figure with which the dielectric 
film was coated, and is made later is shown in drawing 4 . The aluminum 2 0 3 film 41 is deposited 

on the light emitting surface by which bar cleavage was carried out by predetermined thickness, 
for example, the Ion Assis Ted electron beam evaporation method etc., so that the reflectance 
to the oscillation wavelength of 950 nm may be about 10%. So that the reflectance to the 
oscillation wavelength of 1060 nm may be not less than 80% using the same technique as the end 
face of an opposite hand, the 1 st — layer 42 — aluminum 2 0 3 — it TiO~ 2 (ing) and 43 [ layer / 

2nd ], the 3rd — layer 44 — Si0 2 and the 4th — layer 45 — Ti0 2 and the 5th — layer 46 — 

Si0 2 and the 6th — layer 47 — Ti0 2 — 48 [ layer / 7th ] is made into Si0 2 and a dielectric 

multilayer is deposited on predetermined thickness. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The figure showing the section structure of the laminating direction of the crystal 
which constitutes the semiconductor laser element by a 1st embodiment 
[Drawing 2] The figure showing the energy gap of the crystal which constitutes the 
semiconductor laser element by a 1st embodiment 

[Drawing 3] The figure showing the grating constant of the crystal which constitutes the 
semiconductor laser element by a 1st embodiment 

[Drawing 4] The **** figure showing the semiconductor laser element by a 1st embodiment 
[Drawing 5] The figure showing the section structure of the laminating direction of the crystal 
which constitutes the semiconductor laser element by a 2nd embodiment 
[Drawing 6] The figure showing the energy gap of the crystal which constitutes the 
semiconductor laser element by a 2nd embodiment 

[Drawing 7] The figure showing the grating constant of the crystal which constitutes the 
semiconductor laser element by a 2nd embodiment 

[Drawing 8] The figure showing the grating constant of the crystal which constitutes the 
semiconductor laser element by a 3rd embodiment 

[Drawing 9] The figure showing the grating constant of the crystal which constitutes the 
semiconductor laser element by a 4th embodiment 

[Drawing 10] The figure showing the energy gap of the crystal which constitutes the 
semiconductor laser element by a 5th embodiment 

[Drawing 1 1] The figure showing the grating constant of the crystal which constitutes the 

semiconductor laser element by a 5th embodiment 

[Description of Notations] 

1 1, 51, 81, 91,101 GaAs substrates 

13,17,19, 53,57,59, 83, 87,89,93, 97, 99,103,107,109 cladding layers 

14, 16, 54, 56, 84, 86, 94, 96,104,106 barrier layers 

15, 55, 85, and 95,105 Active layer 
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[Drawing 4] 
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[Drawing 7l 
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[Drawing 8] 
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mix sffi±£, i^gtt 
i£$tf2o<D^y rmt, fj^y7i&$tp2o©? 

y v Rli &ffl£fc¥*ft^-iFggfcfc^-<\ MfE^ 
9 7l©fi#W, Si/* y 71 i * 7 y K1©#B, fe 
5 ^»R/< y 7l^^^ffittl(C[p]^oT#^ < 

^7? Kl©#®, fc3W4IJ^y 7lft7>P>?£ttlii 

■So 

[0 0 15] it »fitt*iS8 7 0nm£t±l 100 
[00 16] 

[^©am *^©wf^— mmztm, m 

2oO^JJ7li, 7M*$ktx2'3<09 7 yYM 

tmz-tc^wis— mm\z#^x, /<y7i©s#T 

^y7lt^7s/ K1©JH5» fc5t>tt^y7g 
rti»bSttlfclRl*»oT»*|C*t < U /<y7 
Jf©fe?-£f^ ^y 71^7 7 Kl©#ffi, *>5^ 

itiD, '<9 7MT*<D'<y}**7±y h©&ffcfc/h$ 
< U GR I N-SCHflBgwKfO^ffiftiSSSb* 
= 3 rty7aA^Aii*^^t^|5Sic^taitii:7j5 

# WfitS©{£}$s ffiEIMtflMlsfc it^*|[^©# 

[0 0 17] ffittl©£^/h£<, S^iciS 
<0 , GRIN- S CH*il©#o**ffift<£jrt»**, 

* t y 7StA©nsa^kS:**ifi^aif w-rr tas-ct 

[0018] it, '<y7g©EJ¥#B^BWfciE^i| 
/<y7«©»tfd»bJBJf**iJ:tJ* : f^*fta 
ttIfcfla»oT^£-£5:i /<y7l©J¥£ 
©j^£gtt5-i:&<s JStt«k:*t4S*lr»fc* 

[00 19] it ±Effittl^^fi*-?#Ft»^it 
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[0 0 2 0] it JBS&ftft^ 8 70nmHllO 
[00 2 1] 

[0022] mit±*%w<D%i<DmM(D]fmK£z>m 

MfcMl 0 6 0 nmf ©^Wflcu— T^©^!;^© 

[0023] *nmmm\^£z>¥-mw\s~-fm={-(Dm 

ttSttl nGaAsT'fcO, 3«*0lfrf 

[0 0 2 4] Hllc*1-J:5fc, *lilto»«tJ:5 i l £ 

t*#U— t^fl, niGaAsSf (*+y7»*7 
20 -2 0 X 1 o" cm' ) 11±1C, tm&mftf&% (M 
OCVD) ft, feSWl, ^xif^j/- (MB 
E) jfcfcilK J?£ 2 0 0-6 0 0 nm|f©nlGa 
As (df-^r y 7^7~2 0 X 1 o" cm" 3 ) /<y7j 
112, l^tiraOnlAl,, Ga,, As (3^7 
5 ~ 1 5 X 1 0 " cm" 3 ) ?77 K113, J?£ 1 0 
Onm<DAlo.4 Ga.e As^Al 0.05 G 3 0.95 A s 

..,4 Po. 26 (yyK-7") Bf&Rxfm&mP< y 7li 

4, J¥£ 5 nm© I n.. !S Gaw As (/ V K~7°) 
ffi-14115, f§100 nm©A 1 0.05 G a 0.95 A S 0.74 
30 Po.ze ->A1„ Gao. 6 As (/ y K-7°) JBj&Rtfffi 
*ffij^/<y7ll6, f$4 00nm©piAl,, Ga 
o.6 As (=3r J ry7lS5~2 0X 1 0' 7 cm" 3 ) ^7 
y K117, W $4-1 0 nm?Sg©pM I no.™ Ga 
o. 5 ,6 P (^y7g$5~l 5X 1 0" cm" 3 ) lyf 
>^ hy7°118, J¥§ 1. 6(im©pSAU ( Ga 
0.0 As frv y 7jifl5~2 0 X 1 o" cm" 3 ) ^7 
y K119 N 150-500 nmflgWpMGa A s 

(^f- y 7SS 5 — 3oxio 18 cm" 3 ) 

40 [00 2 5] S121C, r©i51CLT^l$tl/tr^i© 

=¥-=¥^77° (Eg) ifi^yy Kld^ffittlH^^o 

I N— SCH (Graded-Index-Separate-Confinement-He 
terostructure) t^fiti5^5a"C*$)5o 
[0 0 2 6] 1213 ffi3£ln1zWM,<DGaA8K#t 

50 *LT^5„ H3t*1-i5t, *Hlfc©^ll8^*Stt5 
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^mW^—f^om^K «©GR IN-SCHI 
3ttH*5©f4, Hl-e*Lfc/<!J7ll4©ft*JBR 
^ ^7^ K113£/< 0 7114© JHffi&»&JSttll5fc6l 

^ot#* < 45 <t 5 LtcL t XhZ, 
t>5-o©/<J>Tll6|Co^-Ct>pmiT?*)5. 2o©/< 
y 7l©M^ttSttl©^tf}$©, 5lo369S*S: 

[0 0 2 7] Sttl©SI^ifi$©S^£ 

/<^Kt7ty hoSSflsSvhgK 1*5 GR 
I N-S CH*jt©#oJ^gjfi(^a*^ * + y 7 

[00 2 8] fcte, iutfl L1tU&<DMm<DXUK^ 

ryy^flut^jici^s. as 
©7* hV y/?7>f-igfcJ:0, Ur^iyfy^ 

xyfy^illiot, plGaAs^^^hlip 
MAI GaAs 77 V Kl&xy?-i/^|&£t5o -© 
i # , lyf^Fy^fpIInGaP fiffi^lM 

-f5r£K«fc!J, yi^iMI&ftS. r© 

u^M^-ySrKf*U -£©±Sc, SiO z ^ 
S iiN.4£©WtfrRfcl 00~2 00 nmaS±Sa 

[0029] istticM y yi?m±um 

T^r-f^tyxyfy 7" ft if ©7? £iC J: D , y y v 5 
H±W©ff«#«Sr3:yf-^^lft4t5. *©&, 0fl* 
tfTi/Pt/Au (£*©B&J¥f±, 08*.tf5Onm/ 
80nm/300nm) ©licl^- ^ijif if £ 

J; UI5I*U pflomffi&i&dtta. «^ §$HfcJ:0# 
^©^Sr^Bi-tSfctf)^ f*!ft©J¥££:l 2 0- 
1 5 0 n mgfStllU nfllttSSrf^bf-AjfMI 

fe^^oiMSM^-fr-fr-t, mm, AuGe 

/Ni/AuOlfC, WJPS:5 Onm, 3 0nm, 3 0 
0 nm^-eJt^t5o -t©^ «f 

4 0 0°C S i£6*mttfc©&£tf<&. 

[00 3 0] fcK, Bff3£©te*T?, ^o£ff£©p H m M 

*.t*7 5 o n m$m\cx/<-ftmm u smflsnfc* 

0 nmfc*H-3Elt*iSS0l*.tfl 0%g££ft5,fc5 
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S'HoiiiBfcttHfllc^jfeftffi^-cJHRftfti 0 6 0 n 
mfc#t<5RW*jM!*.tf8 0%£U:£&5 J: 5 H 
H42&A 1 2 03, fl2l43£Ti0 2 , 3I3144&S 
i 0 2 , 3I4145&T i Oi, H5f 46&S i 0 2 , &6 
l47£Ti0 2 , Jfl7l48£S i O2KLX, VsmfcZM 

[00 3 1] ^Cf, ^frl/— f%*<D*-ft<Dtm 

10 #^©7 c y7©mm^f?«sij^t7i\ ^mw 

t£s JL f'X-v-X (Su/Ag/Cu/B i) 

^©i&©7 y -/n^ ?'t£t° ^i^t±te^m ^ 7>r x 
y <k. mm^ v ?- 1 \tm%mm £ tift±.m* ? 7 a x 

LT fe 5 7^ 5 if <D± 7 x v t ± t ^— f' « 
[0 0 3 2] r©J:5tt-C^j*$iifc i l t W#U'— ifS 

^^tsr^i?#, mmm^\ mmm&vfi 

[0 0 3 3] *HK©^2©HJ|©f^|c < t5 9 

-t©^9fft:v— !f*^©aS*l^©#jgS:/Tt. 

30 [0 0 3 4] 05lC^t«t5^ nlGaAs V 
7HS 7-20X10" cm") 3£S51±t, £$&Jg 
Mt§fi!c*fe (MOCVD) *>5^tt^^*xhT^*i/- 
(MBE) jfe4iftJ:9 % f$20 0~6 00nmig 
OnlG a A s V 7 ~ 2 0 X 1 0 " c 

m" 3 ) /<y77l52, f$2AmOnlAl,, Ga,.« 
As (*+y7»&5~l 5X1 o" cm" 3 ) ^ 9 v K 
153, 1 0 0 nm©A 1 c, Ga« As^Alo.24 
I n o.i6 Ga,, As (7 V K-7°) JBj^Xt53l*ffi^ 
/<JJ 7154, Jf£ 9 nm© I nm Ga..« ( As (/y 

40 K— 7*) ffittl55, J¥S l 0 0 nm©A 1 ». 24 I nau 
Ga... As^Alo.4 Gao.6 As 7°) 
RV&&@&'< y 7156, f^4 0 0nm©piAl 
o.4 Gao. 6 As (^-Y y 7gS5~2 0 X 1 0 17 c 
m 3 ) 97yVmw, J? $ 4 ~ 1 On m®^© pll n 
0.484 Gao. S i 6 P (3^y 7gS5~l 5 X 1 o" cm 
" 3 ) ^yJ-l/fTs V 5/7^158, 1. 6/zm©p§yA 
1 04 Gao.6 As (^r J ry7g^5~2 0X 1 o" cm 
~ 3 ) 77V K159, 1 5 0-5 0 0 nmfSS© p S 
GaAs (=3r^y7g«5~3 OX 1 0 18 cm"' ) ny^ 

50 ^ N*60&Jdifc»«U ^ H H Bl^^t5„ 
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[00 3 5] %jffl&<D^*->V¥—¥>r y~f%m<a 

[00 3 6] ZtDM&tDWmX H6f'*1-£5f^ i 
^ jV%- % -t y 7° (Eg) # ^ 7 y K153& <t tf57*» b 
S'ttl55(i[B]^oT/h$<^oT^5GR I N-SCH 

^JfcScfl*, ^7y Kl53»^, S'ftl55li(S]^oT# 

E55©BttE*#, p)i;j±tg^£8oAy 7lii£o 
TJ:t) 3. :O9 5 0nm»OWf 

srticti?, /<})7Mx*<D/<yy*7±y hossflsfc 

/h$<t5-t^T*f , GR I N-SCH#lil©#o|!f 

[00 3 7] ffittl<DH^^±f<t5SiJ© 
^IfetLT, «*.fifiSttl-tOt©K:Al InGaAs 
&JflV\ I nSr^ti ir(-io-Cb9 5 0 nm©U- 

*%&<DimT!lt, ffittlfcttA 1 fc£$fc^ I n G a 

[00 3 8] l!kfc*«K©»3©|llfi<O^SgfCj;5^ 
#M^l:o^tSSU ^©lfMif&^£fc£ 
H8K:*t. *llte©ff»J;S^iftu-1f*T-©« 

JMfittt, G a A s &K81±fc, Ay 7 7182, Al 
o.4 Gao.e As?7yKl83, Alt.< Ga« As->A 
1 o.3 I no.: G a o,5 As fij&Ktf^flS&k* JJ 718 
4, I no. is Gao.84 A s ?i*H4l85, A 1 0.30 I n 0.20 
G a o.5o A s ->A 1 0.4 G a o.6 As B.j&RU&^M^ 
y7l86, plAh, Gao. 6 A s 9 7 y K187, pi 
I no. 484 Gao.5i6 P^yf-y^ hy7*Jf88, plA 
1 o.4 Gao.6 As^7yKl89, plGaAs^y^ 
hf90£JI&ai£;h/tft3t>©-?fe3 o 
[00 3 9] *|lJM«i3^ftU~f^[:);, 

ttf ©I±^^/h£^#£-?fc 19 , «»i«5©tt, 
a y 7B<DEffim%-tf%ftMKfai)>iX»* < 4 

[0 0 4 0] ftK:*«ifl©*4©lllt©»«fcJ:5i|iS» 

HI 9 #£lt©?B«fc ± 5 i/-- ft, 

GaAsSS91±|i N Ay 7 7 192, Al,, Ga... A 
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s 9 7 y K193, A 1 0.4 G a 0.6 As -»A 1 0.3 G a 0.7 
As-^Alo.3 I n 0.26 G a 0.44 A s BtftJk.Tf&fy&$ 
A y 7194, 1 new G a 0 . 84 A s ffittl95, A 1 „ 

I n o,26 G a 0.44 A s — >A 1 0.3 Gao.7 A s ->A 1 0.4 
Ga,, Asm&&Tf&%tim'<t}7M96. pSAU. 

Gao. 6 A s Vyy K197, pi I n 0. 484 G a 0. 516 P 
lyfV^ hy7°l98, plAlo.4 Gao.6 As 9 7 
y K199, plGaAs^y^ MiOOSrJi^l^ 

10 [0041] xnmmm^ x 5 ^ 

*>©-?& 5. 4$ffi£/£3©,i, Ayrl©J± 

v*<«o-C*J«), ^oSttl©fi{§-effittlJ;i9^t< 

[0 0 4 2] *H16©^ffi©J;5^ ^©fc3^d£ 
j&fir-fSS^fi, BJMgJPi&*#£U 
IRff^faiSStLSr. i#fc5 0 tot, Ayjl©^ 
frbf£&SKfaiiX^*Ah?,Lh\z£V)^ Ay 71 

[00 4 3] j?c^**M©*5 0iato^*K:J:5** 

=¥>y7 o ^Ell0{c^L, ft^HcS:011lc*to 
[0044] *^l©ff^©^^U-f ^fi, G a 
AsS«101±(C, /<y7 7H02 % Aim Gao.e As 
^77 Kl 103, A 1 .1 In,. Ga,i As->A1.! In 
,2 Gazz As (zl=l-xl-yl, z2=l-x2-y2) B^RUm^ 
30 mMTM'< ] ) 71104, 1 no.15 Gao.84 A s BttJlO 
5, A 1x2 I n« Gai! A s->A 1 >i I n,i Gau As 

(zl=l-xl-yl, z2=l-x2-y2) m&RV&%>G&±M*)) 
71106, plAlo., Gao.6 A s * 7 y K1107, pi 
I no. ,84 G a o.5i6 P^y^yPT* h s/7°1108, pi 
A 1m Gao.o As^7?/K1109, plGaAs^y 

Mll0^jp^ji$^x45fc©-t-fc5 o 
[0 04 5] ffififcXtf £*fB$T9S'< y 7S104|C*5^ 
t, A 1 <Dm$Lik\±? 7 y Kll03fW^Sttl(i^]^ 
otxlHx2^fcU I n©ftfifcJttty 1 *»by 
40 2^kt5fc©tffc5. ^J^tf, Al©ffl^(i, x 
1 = 0. 4^P>x2 = 0. 2 4^J?©tiiO(C>prt-tfg 
tSi:6tl»>$*, In©ffi^itf±, yl=0i^y 

2=0. i6 ^m<r>m^n Lxnwmw.mmM $ 

[ 0 0 4 6 ] tit, WtffcXffibti&tM'< y 71106 

^c*^^^T, A l ©S$Jtf4Sttl»>ib pH* 7 y Kl 

107t|pl*»oTx 2 fix l^fllU I nWififiKJttty 
2tty l^mktZ)k<DXfo6 a MZ-tZ. A 1 ©ffifigJt 
tt, x2 = 0. 24Hxl = 0. 4-MJ¥©t|iD(C^ 
50 LXi%mm^mn£lt, I n<DBi$.itte, y 2 = 



o. 1 6*»by i=o^m<DmnmLx}mmm 

[0 0 4 7] *HK©»*ti5i|£»#:v— S« 
3gfi, 0iok:*1- ( t5^ /-<y 71104*5 J; mo6©x^ 

ftoT*5!9, *»o, 0nt*i-J:5K:, 71104*5 
«t m06©&^£$[f}?Sttll05 £ ^©ffft&g^^-f 

[0 0 4 8] ±IB»l^P>m4©||lt©»*tJ:«i|y» 

wm&rtSL 5 ic, /<y 7i©giff*t^T-tic^it 

[Hi] ^ l ©mte©Jg«8fci J; S flc i — if 

[02] mimmmm^x^^mw^-^mm 

J^tSfei©:^^-^ y 7^1-0 

[03] ^l©^Jfe©JF»i5^ii^u-^^^# 
$t3S H B B©&^«£*t0 » 
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* [04] JSlOli*©»«fcJ:SiN»flEU- 

+*hms 

[si 5] ^2(Dmmmm^x^m^—f^m 
[07] ^2<Dmm<Djfmicx^^m^—fm^m 

[0 8] »3©H16©^ll8tcJ:5^*fl:u- fSti^fi 
10 $t3^ B B B ©&^£ifc£*1-0 

[09] ^4©HJi©^l}cJ;? 1 ^*^^-if^^f 

[010] »5©^16©^Sgtj:5i|£^u-ifiR^Sr 

[0n] Msmmmmi^i^mw^-fM^ 

11,51,81,91,101 GaAsSt 
13, 17, 19, 53, 57, 59, 83, 87, 89, 93, 97, 99, 103, 107, 109 
20 V 7 V Kl 

14, 16, 54, 56, 84, 86, 94, 96, 104, 106 /< ]) 71 
15, 55, 85, 95, 105 ffittl 
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